SUMMARY Respiratory effort during inspiration, expiration, and the Valsalva manoeuvre changes right ventricular preload and afterload. On inspiration these changes should improve systolic emptying of a larger end diastolic volume and so increase the ejection fraction, whereas on expiration the reverse should be true. The resting right ventricular ejection fraction was measured by first pass radionuclide angiography with gold-195m (half life 305 s) in 17 individuals at maximal inspiration and expiration and in eight at rest and during the strain phase (phase 2) of the Valsalva manoeuvre. The right ventricular ejection fraction was significantly lower during expiration than during inspiration. There were, however, no significant differences in bolus duration or right ventricular transit time. The Valsalva manoeuvre, in contrast, significantly increased the ejection fraction and also significantly prolonged both the bolus duration and right ventricular transit time. The conformation of the bolus curves during the Valsalva manoeuvre suggested the development of tricuspid regurgitation.
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These data suggest that relative influences of venous return, pulmonary arterial pressure, pulmonary vascular resistance, and possible functional tricuspid regurgitation vary during inspiration, expiration, and the Valsava manoeuvre and can affect the right ventricular ejection fraction. Changes in right ventricular function on exercise assessed by first pass radionuclide angiography must be interpreted with caution because maximal respiratory effort may alter the right ventricular ejection fraction independently of ischaemia or other non-ischaemic factors.
Recognition of the importance of right ventricular function' has led to interest in its measurement.
Radionuclide angiography is a safe, reproducible, and non-invasive method of assessing right ventricular ejection fraction.'5 When the first pass method is used right ventricular transit lasts only a few seconds, and so rapid changes in function can be assessed. The use of the ultrashort half life radiopharmaceutical gold-195m allows multiple, rapid, sequential first pass radionuclide angiograms to be performed with a low radiation burden. 6 During inspiration the negative intrathoracic pressure draws blood into the right atrium and so increases right ventricular filling pressure.7 In addition, the pulmonary vessels dilate as the lungs Requests for reprints to Dr John L Caplin, Cardiac Unit, Southampton General Hospital, Southampton S09 4XY.
Accepted for publication 11 April 1989 expand; thus pulmonary vascular impedance falls and this causes a fall in pulmonary artery pressure and hence right ventricular afterload.8 In contrast during expiration right ventricular filling pressure falls and afterload increases. Since the right side of the heart is a low pressure system, these changes in preload and afterload during respiration might be expected to bring about relatively large changes in right ventricular systolic function. During inspiration right ventricular filling and emptying will be enhanced, and since the ejection fraction is a ratio of the stroke volume divided by the end diastolic volume, it should increase. The converse is true during expiration. Eight subjects were instructed on how to perform a Valsalva manoeuvre (expiratory effort against a pressure) using a device specially designed to maintain an airway pressure of > 35 mm Hg (Medical Electronics Department, St Bartholomew's Hospital). All were able to maintain this pressure for at least 20 s. Radionuclide angiography was performed at rest and then during the holding ofthe strain phase (also known as phase 2) of the Valsalva manoeuvre.'4 ANALYSIS OF DATA Right ventricular ejection fraction was calculated by a manual, iterative technique from high frequency time-activity curves derived from a right ventricular region of interest." An appropriate background correction was used.'6 Right ventricular images were derived from background corrected end systolic and end diastolic images. Bolus duration was measured from the full width at half maximum of a timeactivity curve from a region of interest over the superior vena cava.'7 These curves were also analysed qualitatively for evidence of pulsatile flow, suggestive of tricuspid regurgitation (fig 1) . A previous study showed that prolongation of the bolus has no significant effect upon the calculation of the right ventricular ejection fraction." We derived the right ventricular transit time from the right ventricular time-activity curve, taking the first identified systolic frame (trough) the beginning and the last diastolic frame (peak) as be end. The number of cycles available for analysis and the mean heart rate were also derived from the time-activity curve. Left ventricular function was not assessed because the left heart transit in first pass studies often came after the end of breath holding or the Valsalva manoeuvre (that is >20 s after the injection). Thus in some studies it was impossible to be certain at which phase of the respiratory cycle the left heart was imaged. figure 2 , there is a significant fall in ejection fraction, but there are no other significant differences. at rest to 42-6 (9-6)% (range 25-54%) during the Valsalva manoeuvre (p < 0001). All subjects showed a rise (mean 13-3 (6 8)%, range 5-27%). Figure 5 shows the distribution of change in the ejection fraction from rest to Valsalva. The values are normally distributed around the mean. Table 2 shows mean (SD) results in all the subjects of the bolus duration, right ventricular ejection fraction, right ventricular cycles, right ventricular transit time, and heart rate. In contrast with the inspiration/expiration results, bolus duration, right ventricular cycles, and right ventricular transit time were all significantly increased during the Valsalva manoeuvre. Heart rate was increased, and although this just fails to reach statistical significance it does suggest that imaging was performed during the strain phase of the Valsalva manoeuvre.18
Analysis of the changes in the bolus time-activity curve from rest to the Valsalva manoeuvre showed that six of the eight subjects had pronounced increases in bolus duration. In all these individuals pulsatile waves appeared during the Valsalva manoeuvre as shown in fig 1. These were caused by oscillation ofthe bolus ofradionuclide in the superior Our data suggest that this may well be so, because there was on average a 45% increase in right ventricular ejection fraction from rest to the Valsalva manoeuvre. In contrast with the study of inspiration and expiration there was significant prolongation of both inflow to the right ventricle, as measured by bolus duration, and right ventricular transit time. Qualitative assessment of the bolus curves from the superior vena cava showed them to have a pulsatile element that is characteristic of tricuspid regurgitation. It is difficult to be certain that this feature really did reflect tricuspid reflux because the increase in right ventricular pressure might simply result in bolus hold up. However, in our experience, it is unusual to see these pulsatile waves in individuals with raised right sided pressures, but they often occur in patients with tricuspid regurgitation. We have previously shown that prolongation of bolus duration in itself has no effect on the calculated right ventricular ejection fraction, '5 Finally, is it possible that the changes in right ventricular ejection fraction might also, in part, be caused by changes in heart rate or contactility. Heart rate increased, but not significantly from rest to the Valsalva manoeuvre. Studies of the relation between heart rate and left ventricular ejection fraction showed that over the physiological range, changes in heart rate do not significantly affect ejection fraction, and above this range the direction of change in ejection fraction, a fall with increased heart rate, is in the opposite direction to the changes that we found during the Valsalva manoeuvre. 23 The change in heart rate in the current study was < 40 beats/min in all cases and it seems unlikely that heart rate alone would explain the difference in right ventricular ejection fraction from rest to the Valsalva manoeuvre. In addition the change in heart rate might reflect the change in inotropic state and hence contractility; but data from left ventricular studies again suggest that in the range of heart rates studied this is unlikely to be so. 24 It seems unlikely that the changes we saw in right ventricular ejection fraction are related to changes in heart rate or contractility; they are more likely to reflect changes in loading conditions.
CONCLUSIONS AND CLINICAL IMPLICATIONS
These data suggest that the right ventricular ejection fraction, derived from first pass radionuclide angiography, is a sensitive method of assessing changes in right ventricular function during respiratory manoeuvres, and that the ejection fraction falls on maximal expiration and rises during the strain phase of the Valsalva manoeuvre. The clinical implications ofthese findings are unclear, but they do suggest that changes in right ventricular ejection fraction at peak exercise may, in part, be related to respiration, since rapid deep breathing occurs during exercise. These data may explain why the response of right ventricular ejection fraction to exercise is the same in normal individuals and in those with coronary artery disease and pulmonary disease.25--They also imply that changes in right ventricular function on exercise, assessed by first pass studies in individuals with coronary disease, may not simply reflect right ventricular ischaemia.'2 It could be that respiratory manoeuvres may be of use as a test of right ventricular "functional reserve" in the assessment of patients with isolated right ventricular myopathies and in those with overt pulmonary disease in whom exercise studies are difficult, but as yet there are no data on this aspect.
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